Model equations
First we present the primary model equations, some equations, which are used to calculate parameter values over time have been omitted. Our model consists of J regions, where each region is indexed by 1, 2,..., j J = . Furthermore, there is a planning period indexed by 1, 2,..., t T = . We define the social welfare function as;
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The utility function is represented by the population weighted natural logarithm of consumption per capita in the AD-RICE99 model:
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In the AD-RICE2012 following RICE2010 utility is a power function:
Where ε represents the elasticity of marginal consumption.
Output before damages and abatement in each region is determined by a Cobb-Douglas function of capital ( , (5B) ,
Total emissions are given as the total of industrial emissions and emissions from land use by all regions
Controlling emissions, however, comes at a cost. Mitigation costs as a fraction of output ( Climate change damages and adaptation are modeled in the same manner in AD-RICE99 and AD-RICE2012. The net damages of the respective RICE models are separated into adaptation costs and residual damages. The original RICE damages are given as:
Firstly the gross damages are defined as follows:
These are the damages that occur if no adaptation takes place, and are thus higher than the net damages. These damages can be reduced through the use of adaptation. We assume the following relationship: RD are the residual damages. This functional form is chosen because it limits the fraction by which the gross damages can be reduced to the interval of 0 to 1. When total protection reaches infinity, all gross damages are reduced (the residual damages are zero) and when no protection is undertaken no gross damages are reduced (residual damages equal gross damages). This functional form also ensures decreasing marginal damage reduction of protection, that is the more protection is used the less effective additional protection will be. This is assumed as more effective, efficient measures of adaptation will first be applied whereas less effective measures after that.
We now define how our two forms of adaptation (stock and flow) together create total adaptation. The two forms of adaptation are aggregated together using a Constant Elasticity of Substitution (CES) function. Here the elasticity of substitution can be calibrated to reflect the observed relationship between the two forms. This function is given as follows: Adaptation capital stock is built up as follows: 
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Net output is given as gross output minus net climate change damages and energy input costs on the 99 model:
In the 2012 model net output is given as the gross output minus net climate change damages and mitigation costs:
The consumption function is given by:
Per capita consumption is given as:
Capital accumulation is defined in the usual manner:
Where δ is the depreciation rate and , j t I the investments in capital. Furthermore it is assumed that capital is immobile between regions.
The 2 CO stock in the atmosphere in each period AT t M is given as: The only difference between the 2 model versions here is that in the 99 version emissions from the previous period effect the stock in this period:
In the 2012 version emissions affect the stock in the same period:
The 2 CO stock in the upper oceans is given as:
CO stock in the lower oceans is given as:
Radiative forcing is given as
Global mean surface temperature:
Temperature lower oceans:
In RICE2010 and AD-RICE2012 sea level rise is explicitly modelled. The sea level module contains 4 major processes that affect sea level rise, namely thermal expansion, glaciers and small ice caps, Greenland ice sheet and Antarctic ice sheet. In the AD-RICE model the effects of the Antarctic ice sheet are not included due to the large uncertainties and small impacts of this. Sea level rise is modelled based on the Earth System Models of Intermediate Complexities (EMICs), for a detailed description of the Seal level rise module calibration, please refer to Nordhaus 2010b. Sea level rise due to thermal expansion is modelled based on the long-run year expansion, which is assumed to be 0.5 meters per ºC.
(24) * 0.5
Secondly it is assumed that the adjustment to the long run is a first order adjustment process: (25 
The total sea level rise due to GSIC is equivalent to the amount of cumulative melted ice:
,
The third process contributing to SLR is the Greenland ice sheet. This process is complex, not fully understood and hard to model. In RICE2010 and AD-RICE2012, it is assumed that there is an equilibrium volume depending on the equilibrium temperature, which is assumed to be 0. Changes in sea level rise depend on the melt rate. 
The melting exponent depends on the relative amount of ice remaining:
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Total sea level rise is the sum of these effects: 
Regional disaggregation
AD-RICE99 and AD-RICE99 are regional models with 13 and 12 regions in each model respectively. 
Parameters definitions and values
In the following we present the parameters of the AD-RICE99 and AD-RICE2012 model and their values. We do not present the values of the regional parameters here (see appendix for this) but do indicate whether they have been updated in the 2012 version of the model. Regional parameters specific to the AD-RICE99 model are omitted 
Variable definitions and units
In what follows we will present the variables of the AD-RICE99 and AD-RICE2012 models. Endogenous variables are marked with asterisks. The starting values of these variables are given in the appendix Variable Description 
